Previous studies have indicated that the cytokine interleukin (IL)-21 may induce both innate and adaptive immune responses against tumors. The goal of this study was to evaluate a new adoptive immunotherapy strategy that combined lymphocytes from mice immunized with a murine myeloma vaccine secreting murine IL-21 (mIL-21-Sp2/0) in lymphopenic mice induced by cyclophosphamide. The data indicate that effective antitumor immunity was induced in mice receiving syngeneic murine lymphocytes from the mice immunized with the mIL-21-Sp2/0. More importantly, the efficacy against the Sp2/0 cell challenge was enhanced after the lymphocytes were activated and proliferated ex vivo before administration into the lymphopenic mice. We conclude that the adoptive transfer of tumor antigen-specific lymphocytes into mice immunized with mIL-21-Sp2/0 induced protective immune responses against myeloma challenge.
Introduction
A growing body of literature shows that the adoptive immunotherapy is an effective therapy method for treating malignant tumors. This immune strategy may deliver abundant tumor-specific immunocytes that are rapidly activated and proliferated in vitro. [1] [2] [3] The transferred immunocytes complement endogenetic immunocytes and release cytokines to regulate immune responses and to enhance the effect of immunotherapy. In particular, the lymphocytes emerging from the lymphopenia-induced homeostatic proliferation acquire the characteristics of effector/memory cells. [4] [5] [6] [7] However, there are some disadvantages of restricting the effects of this immunotherapy strategy. The disadvantages include no expansion of sufficient amounts of tumor antigen (Ag)-specific cells in vivo, lack of persistence of the transferred effector cells and less effective antitumor immunity in hosts. 8, 9 Because of these disadvantages, considerable attention has been drawn to engineering cytokines with expansion of abundant tumor-specific cells in vitro to make up for the shortage in the adoptive immunotherapy in vivo.
Recent studies indicate that interleukin (IL)-21 regulates innate and adaptive immune responses 10 and has multiple immune functions, especially in promoting activation and proliferation of CD8 þ T lymphocytes, in enhancing the cytotoxicity of cytotoxic T lymphocytes (CTLs), and in reducing the apoptosis of Ag-specific lymphocytes. Moreover, IL-21 functions as a co-stimulator for lymphocyte proliferation, for enhancing memory lymphocyte responses, and for modulating immunological homeostasis. 7, 11, 12 Furthermore, the murine myeloma vaccine secreting murine IL-21 (mIL-21-Sp2/0) induced potent antitumor effects in mice. 13 These studies support the use of IL-21 in the ex vivo generation of potent-specific CTLs for adoptive therapy or as an adjuvant cytokine during in vivo immunization against tumor Ag. [14] [15] [16] [17] [18] In addition, combining immunotherapy and chemotherapy induces an effective antitumor response in a tumor-bearing body, such as the cyclophosphamide (Cy)-induced modulation of several cytokines, the homeostatic proliferation of transferred lymphocytes and homing of transferred lymphocytes to tumor mass for antitumor immunity. [19] [20] [21] In this study, we adopted a new strategy of transferring tumor Ag-specific lymphocytes into syngeneic lymphopenia mice induced by Cy to explore if the strategy could stimulate a protective immune response against myeloma challenge. The study showed that syngeneic tumor Ag-specific lymphocytes, originated from the mice immunized with irradiated mIL-21-Sp2/0 and stimulated with the mIL-21-Sp2/0 ex vivo, were transferred into the Cy-induced lymphopenia mice immunized with mIL-21-Sp2/0 concurrently, and that this strategy may promote the proliferation of the adoptive lymphocytes and mice's lymphocytes in vivo, and assist in forming and sustaining special antitumor effects in the immune-reconstituted mice.
Material and methods
Mice, cell lines and transfection BALB/c mice of 6-8 week of age were obtained from the University of Yangzhou of China. All mice were housed under the pathogen-free condition and the experiments were performed in compliance with the guidelines of the animal research ethics board of Southeast University. The Sp2/0 (BALB/c mice myeloma cells) and YAC-1 (Moloney leukemia-induced T-cell lymphoma of A/Sn mouse origin) cell lines were obtained from the Cellular Institute of China in Shanghai. The two cell lines were cultured at 37 1C in 5% CO 2 atmosphere in RPMI 1640 supplemented with 10% fetal bovine serum that contained 100 U ml À1 penicillin G sodium and 100 mg ml À1 streptomycin sulfate. The SP2/0-mIL-21 cells that were transfected with pcDNA3.1-mIL-21 had been previously prepared by our laboratory.
Adoptive immunotherapy and Sp2/0 cell challenge In the first experiments of the adoptive immunotherapy (Figure 1a) , Balb/c mice were randomly divided into four groups. The control group mice were inoculated with phosphate-buffered saline (PBS). Three experimental groups were the naive lymphocyte group (mice inoculated with lymphocytes from the mice without any immunization), the Sp2/0-primed lymphocyte group (mice inoculated with lymphocytes from the mice immunized with Sp2/0 cells) and the mIL-21-Sp2/0-primed lymphocyte group (mice inoculated with lymphocytes from the mice immunized with mIL-21-Sp2/0 cells), respectively. In the secondary experiment of adoptive immunotherapy, Balb/c mice were randomly divided into control group, PBS-induced group, Sp2/0-cell-induced group and mIL-21-Sp2/0-cell-induced groups (Figure 1b) . Control group mice were inoculated with lymphocytes from mice without any immunization, and PBS-induced group mice were inoculated with lymphocytes from mice just immunized with PBS. Sp2/0-cell-induced group and mIL-21-Sp2/0-cell-induced groups were the same as the Sp2/0-primed lymphocyte group and mIL-21-Sp2/ 0-primed lymphocyte group in the experiment described above. In the third experiment of the adoptive immunotherapy, control group mice were just injected with Cy and three experimental groups, one was the Cy-treated group, in which mice were induced with Cy and transferred with 2 Â 10 5 Ag-specific lymphocytes; another was Cy þ Sp2/0 vaccine group, in which mice were induced with Cy and transferred with 2 Â 10 5 Ag-specific lymphocytes as well as immunized with the inactivated 1 Â 10 6 Sp2/0 cell vaccine. The third group was Cy þ Sp2/ 0-mIL-21 vaccine group, in which mice were induced with Cy and transferred with 2 Â 10 5 Ag-specific lymphocytes as well as immunized with the inactivated 1 Â 10 6 Sp2/0-mIL-21 cell vaccine (Figure 1c ). In the second and the third experiments, Balb/c mice were injected with Cy 100 mg per day per mouse for 2 days, and all isolated Ag-specific lymphocytes were incubated with the inactivated Sp2/0 vaccine or the inactivated mIL-21 tumor vaccine as the stimulators in the presence of IL-2 in vitro for 3 days, and then were transferred into lymphopenia mice induced by Cy. In these three-time sequential approach experiments, all mice were challenged with 1 Â 10 5 wild-type Sp2/0 cells in the flanks of mice after mice received the immunotherapy, and tumor areas and mice survival rates were evaluated for each group. Mice were monitored for tumor outgrowth 2-3 times per week. 7, 22 Five mice per group were used routinely and each experiment was repeated twice.
In vivo tumor assays and preparation of lymphocytes from splenocytes and lymph nodes Balb/c mice were inoculated s.c. in the flanks with 1 Â 10 5 SP2/0 cells or 1 Â 10 5 SP2/0-mIL-21 cells in the logarithmic grown phase. After about 12 days, the tumors were felt by touch in the mice and mice were killed after 5-7 weeks of observation. The lymphocytes were isolated from the mice as described in references. 13, 23 Finally the harvested lymphocytes were used as effector cells of cytotoxic assay. Each experiment was repeated twice.
Proliferation experiments
In the in vitro proliferation experiment, 1 Â 10 7 per ml lymphocytes were labeled with 0.5 mM 5-(and 6)-carboxyfluorescein diacetate succinimidyl ester (CFSE; Eugene, Eugene, OR) at 37 1C for 15 min. After the incubation, the lymphocytes were washed twice in PBS to sequester any free CFSE that had failed to diffuse into the cells. Then 1 Â 10 6 lymphocytes were resuspended in 10% RPMI medium in 24-well plates and 1 Â 10 5 irradiated mIL-21-Sp2/0 cells or irradiated Sp2/0 cells were added to plates as stimulator cells, respectively, supplemented with 10 ng IL-2. The cells were incubated at 37 1C for 3 days and were then analyzed by flow cytometry (FCM, BD Biosciences, San Jose, CA). 24 In the ex vivo proliferation experiment, 2 Â 10 5 tumor Ag-specific lymphocytes were labeled with CFSE and then injected into tail veins of the lymphopenia mice. After 3 days, the lymophocytes were collected from mice and then detected by FCM. The proliferative data were analyzed with CellQuest software, and proliferation activity index was expressed as the percentage.
ELISPOT assay for IFN-g Interferon-g (IFN-g) enzyme-linked immunospot (ELISPOT) assay was performed with Kit according to manufacturer's protocol (BD eBioscience, San Jose, CA) and as was described in reference. 25, 26 Cell staining and flow cytometry analysis In analyzing the forkhead box protein P3 (FOXP3)-expressing T cells according to manufacturer's protocol (eBioscience, San Jose, CA). Briefly, the mononuclear cells were stained with the surface molecule antibody (Ab) and washed with cold PBS. The cells were resuspended in the fix/perm buffer and incubated at 4 1C for 3 h in dark, and then washed twice in a permeabilization buffer. Antimouse/rat Foxp3-phycoerythrin was then added. The cells were incubated for 30 min and washed twice in PBS, and were then analyzed in FCM. 20, 27 In analyzing the CD4 þ , CD8 þ or CD25 þ -expressing T cells, all lymphocytes from the spleens and lymph nodes suspensions were co-stained with fluorescein isothiocyanate-conjugated
þ , which were purchased from eBioscience. These conjugated cells were kept in light for 30 min at 4 1C and the molecular expression was analyzed by FCM according to the protocol described by the manufacturer. 28 
Cytotoxicity assays
The CFSE/7-amino actinomycin D (7-AAD) cytotoxicity assay was performed as described in previous reports. 24, 29 Tumor histopathology Mice were killed 5-7 weeks after Sp2/0 cell challenge. The tumor tissues in mice were removed and fixed in 10% formalin. The formalin-fixed tumors were embedded in paraffin. Serial thin tumor tissue sections (5 mm) were cut and mounted on SuperFrost Plus glass slides, fixed in methanol and stained with hematoxylin and eosin. The slides were viewed under a Zeiss Axioplan light microscope (San Diego, CA) at a magnification of Â 200. 23, 26 Statistical analysis The data from individual mouse experiments were maintained in a Paradox database. Statistical comparisons were performed using the Student's t-test for the differences between the experimental groups and the control group. The results were expressed as means ± s.d. A P-value less than 0.05 was considered statistically significant.
Results
Adoptive transfer of lymphocytes enhanced antitumor immunity in the lymphopenia mice immunized with Sp2/0-mIL-21 tumor vaccine To the best of our knowledge, the ability of raising immune memory from SP2/0-mIL21 tumor vaccine may help with protecting against tumor cell challenge in mouse model. Therefore, we designed the first experiment of adoptive immunotherapy of myeloma in mice. However, the results showed that mice were not capable of effectively suppressing the tumor growth (Figure 1a) . Then, we adopted the idea of homeostatic-driven proliferation and droved mice into lymphopenia by using Cy and it may have effectively enhanced adoptive lymphocyte homeostatic proliferation and improve antitumor immunity. [19] [20] The secondary experiment results showed that, from day 12 to day 16, the tumors were generated in control group, but this tumor generation was not found until days 19-23 in Sp2/0-cell-induced group or not found until day 19-29 in Sp2/0-mIL-21-cell-induced group. The tumor regression and longevity effects were obviously seen in Sp2/0-mIL-21-cell-induced group. However, the results were still not satisfactory as all mice had tumor outgrowth in Sp2/0-mIL-21-cell-induced group in 29 days (Figure 1b) . Therefore, we further designed the third experiment of adoptive immunotherapy for mice injected with Cy and transferred with Ag-specific lymphocytes from the mice immunized with Sp2/0 cells or mIL-21-Sp2/0 cells, and again immunized with the inactivated Sp2/ 0 or Sp2/0-mIL-21 cell vaccine. As shown in Figure 1c , all mice had tumor outgrowth on days 14-26 in control and Cy-treated groups. In contrast, 20% mice (2 of 10) treated with Cy þ Sp2/0 vaccine and 40% mice (4 of 10) treated with Cy þ Sp2/0-mIL-21 vaccine resulted in significant protection against Sp2/0 cell challenge and tumor was not found until day 75. In particular, in the mice treated with Cy þ Sp2/0-mIL-21 vaccine, the tumor regression and longevity effects were markedly different compared with the mice treated with Cy þ Sp2/0 vaccine (Po0.05) or the control group (Po0.01).
Analyzing lymphocyte proliferative activity
We designed the lymphocyte proliferative experiment to find out whether the lymphocytes were sensitized in vivo and proliferated ex vivo after mice were inoculated with the inactivated SP2/0 cells or after lymphopenia mice were treated with the different methods. The FCM analysis results suggested that the lymphocytes were actually sensitized in vivo because they proliferated more powerfully to inactivated SP2/0 cells or inactivated SP2/0-mIL21 cells in vitro compared with control group. The lymphocyte proliferative activity was 81.04 ± 3.68% in Sp2/0-mIL-21-cell-induced group, 69.82 ± 2.95% in Sp2/0-cell-induced group and 8.16±1.38% in control group. There were statistically significant differences between control group and each experimental group (Po0.01; Figure 2a) . In Figure 2b , lymphocyte proliferative activity ex vivo was 75.06±7.86% in Cy þ Sp2/ 0-mIL-21 vaccine group, 59.04 ± 6.68% in Cy þ Sp2/0 vaccine group, 55.82 ± 5.95% in Cy-treated group and 2.16±1.38% in control group. The lymphocyte proliferative activity in Cy þ Sp2/0-mIL-21 vaccine group showed statistically significant differences compared with Cy þ Sp2/0 vaccine group (Po0.05), Cy-treated group (Po0.01) and control group (Po0.001).
Detecting IFN-g-producing effective cells by ELISPOT assay Figure 3a shows that the background level was lower than 
FCM analyzing cytotoxicity IL-21 can promote the expansion of CD8
þ T cells and show potential activities as an antitumor agent. 30, 31 The lymphocytic cytotoxicity is important in augmenting cellmediated antitumor immunity. Therefore, we analyzed the lymphocytic cytotoxicity in mice treated with the different methods. The results showed that Cy-treated mice not only promoted homeostatic proliferation of transferred lymphocytes and the number of lymphocyteproducing IFN-g (Figure 3 ) but also enhanced lymphocytic cytotoxicity (Figure 4) . In contrast, although the lymphocytic cytotoxicity was also augmented in mice inoculated with Sp2/0-mIL-21 cells or Sp2/0 cells (Figure 4a ), the magnitude of augmentation was weaker than that of Cy þ Sp2/0-mIL-21 vaccine group (Figure 4b ).
CD4
þ and CD8 þ T lymphocyte phenotype change Both IL-2 and IL-21 cytokines promote the function of effector CD8 þ T cells, but their distinctive effects on the Ag-mediated differentiation of naive CD8 þ T cells into effector CD8
þ T cells are not clearly understood. 32 In this study, we wanted to know if Ag-specific lymphocytes were mainly CD8 þ T cell phenotype. The results indicated that lymphocytes from the mice immunized with inactivated Sp2/0 cells were mostly CD8 þ T cells when the lymphocytes were cultured with inactivated Sp2/0-mIL-21 cells for 5 days ex vivo, and the ratio of CD4
þ T cells was reversed (Figure 5a ). Figure 5b also shows that major lymphocyte subtype from the mice induced by Cy was still CD8 þ T cell phenotype after the lymphocytes were stimulated with inactivated Sp2/ 0-mIL-21 cells ex vivo. The ratio of the CD4 þ T/ CD8 þ T cells was also reversed and CD4 þ T cell phenotype was also decreased markedly.
FCM analysis of CD4
þ CD25 þ Foxp3 þ regulatory T cells Recent studies on graft-versus-host reaction and antitumor immunity have provided proofs that natural CD4 þ CD25 þ Foxp3 þ regulatory T (nTreg) cells inhibit protective immunity and antitumor effectiveness of adoptive immunotherapy, and that elimination of CD25 þ cells in vivo restores protective immunity in mice. 33, 34 In observing the effect of Sp2/0-mIL-21 tumor vaccine on the nTreg cells in adoptive immunotherapy of tumor mice, we detected the change of CD4 þ CD25 þ Foxp3 þ T lymphocytes from the spleens and lymph nodes. It was found that the number of CD4 þ CD25 þ lymphocytes (Figure 6a ) was gradually decreased in mice treated with the different methods. The observed decreases were about 1.52% in the mice treated with Cy, 1.33% in the mice treated with Cy þ Sp2/0 vaccine and 0.86% in the mice treated with Cy þ Sp2/0-mIL-21 tumor vaccine. The change in the Foxp3 þ lymphocytes (Figure 6b ) coincided with that of CD4 þ CD25 þ lymphocytes. The results showed that the CD4 þ CD25 þ Foxp3 þ lymphocytes (Figures 6a and b) were notably reduced after the adoptive immunotherapy for the mice that were treated with Cy and immunized with Sp2/0-mIL-21 cells, and that this strategy could assist in antitumor immunity in mice.
Histological analysis of tumor tissues in mice treated with different methods Histological analyses were performed on the tumor sites to investigate the cellular immune mechanisms of tumor Protective immune responses against myeloma J Dou et al rejection in the lymphopenia mice immunized with the IL-21-secreted tumor vaccine. The results revealed that some necrotic or apoptotic tumor cells were attributable to increased tumor-infiltrating lymphocytes (Figures 7e  and f) . In contrast, the active growth of tumor cells and obvious nucleic division or diverse nucleic types were found in both the mice without any treatment (Figure 7a) and the mice induced by Cy alone (Figure 7b ). Although only a few tumor-infiltrating lymphocytes and some apoptosis tumor cells were visible in tumor tissues (Figures 7c and d) , the tumor cell necrosis, apoptosis and vascular bleeding were more obvious in Figures 7e and f. Histopathological analyses suggest that the tumorinfiltrating lymphocytes have a biological role in this. Figure 4 Cytotoxicity of lymphocytes to Sp2/0 cells tested by 7-AAD assay. In (a) the cytotoxicity of lymphocytes to Sp2/0 cell was 44.57 ± 7.72% in Sp2/0-mIL-21-cell-induced group and it was enhanced significantly compared with Sp2/0-cell-induced group (28.22 ± 6.78%) or control group (22.38 ± 4.94%). (b) The cytotoxicity of lymphocytes was increased more markedly in Cy þ Sp2/0-mIL-21 vaccine group (55.68±7.27%) compared with Cy þ Sp2/0 vaccine group (40.12±9.82), or Cy-treated group (31.92±8.62%). For control group, the Sp2/0 cell was incubated with RPMI 1640 medium alone to measure basal cell apoptosis. **Po0.01, *Po0.05.
Figure 5 FCM analysis of CD4
þ and CD8 þ T cell phenotypes. The CD8 þ T cell phenotypes were changed obviously: 64.49 ± 4.64% Sp2/0-mIL-21-cell-induced group, 45.14 ± 3.82% in Sp2/0-cell-induced group, 28.42 ± 2.98% in lymphocytes alone group and 19.08 ± 3.68% in control group (a). The CD8 þ T cells were also increased markedly (57.88±4.62%) after the mice were treated with Cy and immunized with Sp2/0-mIL-21 vaccine group. The CD8 þ T cells in other groups were 45.52±5.26% in Cy þ Sp2/0 vaccine group, 36.54±4.87% in Cy-treated group and 27.67 ± 4.32% in control group (b). The ratio of CD4 þ lymphocytes was decreased in all experimental groups.
Discussion
In this study, we transferred the lymophocytes isolated from the spleens and lymph nodes of mice immunized with IL-21-secreted tumor vaccine into mice that had been previously been challenged with the Sp2/0 tumor cells. The findings suggested that the tumor Ag-specific lymophocytes that were transferred into the syngeneic mice generated a weak antitumor effect, indicated by an inability to inhibit tumor outgrowth when the mice were challenged with the Sp2/0 cells ( Figure 1a) . Obviously, this adoptive immunotherapy was not an effective way to suppress tumor growth in the mice. Possible reasons for this observation were that the low immunogenicity of tumor cells did not elicit Ag-specific lymphocytes, and that the number of transfers of the Ag-specific lymophocytes and proliferative ability in vivo were limited. Therefore, we used inactivated mIL-21 tumor vaccine as the stimulators and incubated Ag-specific lymphocytes for 3 days in the presence of IL-2 ex vivo instead of the Sp2/0 cells in an attempt to boost the immunogenicity of tumor cells. After the lymphocytes were treated ex vivo and then transferred into the lymphopenia mice challenged with the Sp2/0 cells, the efficacy of the adoptive immunotherapy was, however, still not satisfactory notwithstanding that the strategy of the adoptive immunotherapy used was better than that of the transfer of tumor Ag-specific lymophocytes to the mice alone (Figure 1b) . Cyclophosphamide can induce modulation of several cytokines and promote homeostatic activation of the adoptively transferred lymphocytes, and can induce an effective antitumor response in cancer patients. Depletion
þ T lymphocytes and Foxp3 þ T lymphocytes from the spleens and lymph nodes are shown in a and b, respectively. Remarkable decrease of the CD4 þ CD25 þ Foxp3 þ T lymphocytes was found in the mice treated with Cy þ Sp2/0-mIL-21 vaccine group, and the change was statistically significant compared with Cy þ Sp2/0 vaccine group (Po0.05) or Cy-treated group (Po0.01) or control group (Po0.001). Protective immune responses against myeloma J Dou et al of the immune elements before the adoptive cell transfer can dramatically improve the antitumor efficacy of transferred T cells. 19, 35 These studies have suggested to us that the activated lymphocytes proliferated in vitro and transferred to lymphopenia mice could enhance the adoptive transfer of the lymphocytes homeostatic proliferation and improve the immune protection against tumor cell challenge.
Finally, we adopted a novel experiment approach that involved transferring homeostasis-promoted lymphocytes and tumor Ag-specific lymphocytes to lymphopenia mice that were immunized concurrently with the secreting IL-21 tumor vaccine to augment the efficacy of the adoptive immunotherapy. The satisfactory results suggested that, under the Cy-inducing lymphopenia state, the mice that received the tumor Ag-specific lymphocytes and mIL-21-Sp2/0 vaccine, worked for the effective proliferation of transferred lymphocytes and the mice's immune cells in vivo, and assisted in forming and sustaining special antitumor effects in the tumor-bearing mice. The surprising findings showed that two out of the ten mice treated with the Cy and Sp2/0 vaccine markedly developed the protection against the Sp2/0 cell challenge, and so did four out of the ten mice treated with the Cy and Sp2/ 0-mIL-21 vaccine. Particularly, the mice treated with the Cy and Sp2/0-mIL-21 vaccine showed better results than any other experimental groups in terms of the tumor outgrowth, the regression and the longevity effects. There were still 60% of the mice that developed tumors, however, even if their tumor outgrowth, regression and longevity effects were markedly different from the mice treated with the other vaccination strategy. Although the mice acquired strong antitumor immunity from the optimum vaccination strategy, the numbers of tumor Ag-specific lymphocytes were limited and the Sp2/0 cells grew fast. Consequently, the protection effects did not reach 100% in the study.
To understand the mechanism for the elicited protective immune responses against the Sp2/0 cell challenge, we evaluated the lymphocyte proliferative responses to the Sp2/0 cells, the IFN-g-producing effective cells, the lymphocytic cytotoxicity, and CD4 þ , CD8 þ and the CD4 þ CD25 þ Foxp3 þ T cell phenotypes. The results indicated that the adoptive immunotherapy of myeloma in the lymphopenia mice inoculated with the Sp2/0-mIL-21 vaccine showed statistically significant differences from the other groups in their lymphocyte proliferative activity in vitro and ex vivo, in the number of lymphocyte-producing IFN-g, and in the lymphocytic cytotoxicity to the Sp2/0 cells. The T-cell phenotypes of the Ag-induced lymphocytes were largely CD8 þ T cells, whereas the CD4 þ and CD8 þ T cell phenotype changes implied that the lymphocytic cytotoxicity to the Sp2/0 cells was mostly mediated by the CD8 þ T cells. Besides, spleen also have natural killer cells, and we hypothesize that the activity of natural killer cells can partly augment the cell-mediated antitumor immunity.
Owing to the Treg populations having a central role in limiting the efficacy of the tumor vaccine, 36 the data in this study indicated that the CD4 þ CD25 þ Foxp3 þ lymphocytes from the spleens and the lymph nodes were obviously decreased after the adoptive immunotherapy of myeloma in the lymphopenia mice. This result coincided with a recent reported study that local IL-21 promoted the therapeutic activity of the effector T cells by decreasing Treg cells within the tumor microenvironment. 37 Our previous study suggested that the mIL-21 secreted locally by tumor cell vaccines may induce dendritic cells, natural killer cells and CTL accumulation at the tumor sites. This would let the natural killer cells directly attack the tumor cells, allow dendritic cells to present tumor Ag to CTL and activate the CTL activity effectively. 13, 14 Accordingly, the histopathological analyses indicated that the lymphocytes, the monocytes and the neutrophils infiltrated into the tumor tissues and adhered to the vascular walls, and that the tumor cell necrosis and apoptosis were clearly shown in the optimal therapeutic group (Figures 7e and f) .
In conclusion, our study data showed that the adoptive tumor Ag-specific lymphocytes transferred into the lymphopenia mice immunized with the mIL-21-secreting tumor vaccine elicited protective immune responses against the Sp2/0 cell challenge through the Cy-induced homeostatic proliferation of the transferred lymphocytes and increased the biological activities of the transferred lymphocytes. The local IL-21-enhancing therapeutic effects in the tumor-bearing mice were also associated with the decreased Treg cells. This study created a new strategy of combining immunotherapy and chemotherapy to elicit an effective antitumor response in the mice model.
